A liquid chromatography -triple-quadrupole linear ion trap mass spectrometry (LC -QTrap-MS) analysis has been developed for the identification and quantification of 10 nucleosides and nucleobases in extracts of Antrodia camphorata. The method was successfully used to qualitatively identify for six nucleosides namely, cytidine, uridine, inosine, guanosine, thymidine, adenosine and four nucleobases namely, uracil, guanine, xanthine, adenine in A. camphorata. Under optimized chromatographic conditions, good separation for 10 target compounds were obtained on an Agilent HC-C 18 (2) column (4.6 3 250 mm, 5 mm) eluted by a mobile phase of 5 mM ammonium acetate solution-methanol at a flow rate of 0.5 mL/min. Data acquisition was carried out in multiple reaction monitoring transition mode. Additional identification and confirmation of target compounds were performed using the enhanced product ion modus of the linear ion trap. It was the first report about simultaneous analysis of nucleosides and nucleobases in A. camphorata using this method. These results demonstrated that the QTRAP LC-MS/MS was a useful tool for quality evaluation of some medicinal plant products by using nucleosides and nucleobases as chemical markers. This method might also be utilized for the investigation of edible plant materials and agricultural products containing nucleosides and nucleobases.
Introduction
Antrodia camphorata (M. Zang & C.H. Su) Sheng H. Wu, Ryvarden & T.T. Chang, is a fungus that only grows on the brown heartwood of Cinnamomum kanehirae Hayata (Lauraceae) in Taiwan (1) . Being a local species, A. camphorata was historically only used in Taiwan by the aborigines as a traditional prescription for the discomforts caused by alcohol drinking or exhaustion. The fungus is also used as a Chinese folk medicine for the treatment of liver diseases, food and drug intoxication, diarrhea, abdominal pain, hypertension, itchy skin and tumorigenic diseases (2, 3) . Primary studies demonstrated that A. camphorata have extensive biological activities, such as hepatoprotective effects (4), anti-hepatitis B virus effects (5), vasorelaxation (6) , anticancer activity (7), antioxidant (8) and anti-inflammation activities (9) . Chemical ingredients found in A. camphorata include polysaccharides, triterpenoids, sesquiterpene lactones, steroids, phenol compounds, ergosterol, etc. (10) . In addition, nucleosides have been reported from A. camphorata, such as adenosine and cordycepin (11) . It was reported that nucleosides and their bases exhibited various bioactivities. For instance, adenosine was confirmed as an active component of A. camphorata that prevents rat PC12 cells from serum deprivation-induced apoptosis (12) . In addition, physiological activities such as regulating and modulating various physiological processes in the central nervous system (13) , maintaining the immune response (14) , anti-platelet aggregation have been covered (15) . Therefore, it is of interest to develop a method to determine the contents of these nucleosides and nucleobases in A. camphorata.
Until now, various analytical methods including thin-layer chromatography (16), gas chromatography (17), high-performance liquid chromatography (HPLC) (11, 18) , ultra-performance liquid chromatography (19) and capillary electrophoresis (CE) (20) were used for the quantification of nucleosides and their bases. These separation techniques were frequently coupled with mass spectrometric detection (21, 22) , which identified the target compounds only based on the retention time (RT) as well as the fragmentation patterns of molecular ions. LC-MS/MS through multiple reaction monitoring (MRM) mode also contributed to the determination of nucleosides and nucleobases (23) . Nevertheless, using a pure MRM mode with a triple-quadruple LC-MS/MS system in which two or three transitions are selected for monitoring cannot provide enough confirmatory information. When different analyzed compounds have the same precursor ion and the same fragment ion, a cross-talk might occur. In a word, most of the above methods have the disadvantages of poor selectivity and/or limited identification for the nucleosides and nucleobases.
QTRAP system is a hybrid linear ion trap (LIT) triple quadrupole, which combines a triple-quadrupole (QqQ) scanning functionality with sensitive LIT scans. This is based on a QqQ where the final mass analysis quadrupole (Q3) can be used as a LIT with axial ion ejection. In a linear quadrupole device, ions have been trapped for the purposes of selective rejection of unwanted species, enhancement of signal-to-noise ratios, and for ion accumulation (24) .
The QTRAP retains all of the conventional capabilities of a standard trip quadrupole such as the ability to perform precursor ion and neutral loss scan as well as MRM mode with no performance loss. Additionally, the instrument provides improved performance and enhanced sensitivity in full-scan MS (EMS) and high-sensitivity product ion scanning (EPI) while operated in LIT mode, besides having a capability of three levels of fragmentation (MS 3 ). High trapping efficiencies coupled with surprisingly efficient axial ion extraction from the linear trap yields high-sensitivity mass spectral responses to conventional tandem mass spectrometers. A further advantage of the QTRAP is the utilization of the information-dependent acquisition (IDA) software. The IDA software has the ability to trigger the EPI scans by analyzing MRM signals, thus obtains accurate quantification and additional structural information at the same time.
In this paper, the authors have identified and quantified nucleosides and nucleobases in A. camphorata with a QTRAP LC-MS/MS system, which had been previously successfully employed in the quantification of active constituents in traditional Chinese medicine as reported extensively in the literatures (25) (26) (27) (28) , due to its unique selectivity and sensitivity. The aim of this work was to develop and to evaluate a reliable method for the simultaneous quantification of 10 nucleosides and nucleobases in extracts of A. camphorata using LC-MS/MS and simultaneous identification and confirmation of them by the characteristic fragment patterns obtained by the LIT (QTrap) function. This is the first report about the simultaneous determination of nucleosides and nucleobases in A. camphorata by QTRAP LC-MS/MS, which provides an alternative, feasible approach for the quality assessment of A. camphorata in addition to the methods using polysaccharides and terpenoids as the markers (29 -31) .
Experiments
Chemicals and reagents HPLC grade methanol was purchased from Merck (Darmstadt, Germany), other reagent solutions were analytical grade (Sino pharm Chemical Reagent Co., Ltd., Shanghai, China). Chemical standards of uracil (1), guanine (3), xanthine (4), uridine (5), adenine (6), inosine (7) and adenosine (10) Eleven batches of samples of A. camphorata powder (S1 -S11) were collected from Chang Gung Biotechnology (Taiwan, China), so as the A. camphorata capsule (S12) and the basswood cultivated A. camphorata sporophore (S13). A sample of A. camphorata powder (S14) was collected from Today Health Biotechnology (Guangdong, China). Two cultivated Lingzhi samples (S15-S16), belong to Ganoderma lucidum and G. sinense, were collected from medicinal materials company, Bozhou City, Anhui Province. A sample of sporoderm-broken G. lucidum spore powder (S17) was obtained from Huang Shan Yun Le Lingzhi Company (Anhui, China). The materials were identified by Professor Xunhong Liu of Nanjing University of Chinese Medicine, and the voucher specimens were deposited at the Herbarium in Nanjing University of Chinese Medicine (Nanjing, China).
Preparation of standard solutions
The stock solutions of uracil (1002 mg/mL), cytidine (1002 mg/ mL), uridine (1012 mg/mL), adenine (996 mg/mL), inosine (1000 mg/mL), guanosine (600 mg/mL), thymidine (1012 mg/ mL) and adenosine (1002 mg/mL) were prepared in water and stored at 48C before use, and guanine (202 mg/mL) and xanthine (20.8 mg/mL) were prepared in 0.1 mol/L HCl. The standard solutions were diluted with water to a series of appropriate concentrations and used to construct calibration curves. All solutions were filtered through a 0.22-mm cellulose membrane filter prior to injection.
Sample preparation
One gram of dried sample ground powder (40 mesh) was accurately weighed into a 50-mL conical flask with stopper, and extracted by ultrasonication (40 kHz, 500 w) with 30 mL water at room temperature for 45 min. The supernatant was collected, concentrated to about 1 mL with a Labconco CentriVap and filtered through a 0.22-mm millipore filter. The solution was then ready for analysis.
Instrument and chromatographic conditions
A Shimadzu LC-20A Series system (Shimadzu Kyoto, Japan) consisting of a solvent degassing unit, a quaternary pump, an autosampler and a thermostatted column compartment was used in the LC-MS/MS system. An Agilent HC-C18(2) column (4.6 Â 250 mm, 5 mm) maintained at 258C was applied for all analyses. The mobile phase comprised of (A) 5 mM ammonium acetate and (B) methanol using a gradient elution of 2 -5%B at 0 -20 min, 5-20%B at 20 -40 min, 20-20%B at 40 -50 min, 20 -2%B at 50 -55 min, 2 -2%B at 55 -60 min. The flow rate and injection volume were set at 0.5 mL/min and 10 mL, respectively. A triple-quadrupole mass spectrometer with trap function (API 4000 QTrap, Applied Biosystems, SCIEX Toronto, Canada) with a Turbo Ion Spray interface was used. Ionization was achieved using electrospray ionization (ESI) in the positive mode at 6508C with N 2 as the nebulizer. Detection was performed in MRM mode of selected ions at the first (Q1) and third quadrupole (Q3). To choose the fragmentation patterns of m/z (Q1)!m/z (Q3) for the analytes in MRM mode, direct infusion into the MS of single standard solution in water was performed and the product ion scan mass spectra was recorded. Once the fragment ions were chosen, the MRM conditions were further optimized for the analytes to obtain maximum sensitivity for the compound of interest (Table I) . Fragment spectra used for analytes confirmation were acquired with the enhanced product ion (EPI) modus of the LIT, triggered by the IDA software when MRM intensity was higher than 3000 counts per second (cps).
Results

Quantification and qualitation
Quantification of the 10 compounds was accomplished based on the most intensive MRM transition by the calibration curve. For qualitative work, a positive identification is based upon a MRM peak whose intensity is greater than 3000 cps within the corresponding RT for the authentic reference standard, besides having a good fit with the EPI spectra. In this paper, MRM plus EPI mode was employed and only a single production ion was selected for monitoring. The coupling provides both accurate quantification and additional structural information for verification.
Calibration curves, limits of detection and quantitation
The linearity of the method was obtained by plotting the peak areas versus the corresponding concentrations of each analyte. A series of diluted standard solutions was prepared to determine the limits of detection (LODs) and limits of quantification (LOQs) when the signal-to-noise ratios (S/N) of analytes were 3 and 10, respectively. Results from the calibration study, LODs and LOQs are summarized in Table II . All the analytes showed good linear regression (r 2 . 0.990) within the test ranges. The overall LODs and LOQs were in the range of 0.06 -40.54 and 0.15-99.18 ng/mL, respectively. The liquid chromatographytriple-quadrupole linear ion trap mass spectrometry (LCQTrap-MS) had lower LODs and LOQs compared with the previous related studies (21, 22) . The data showed that QTRAP LC -MS/MS was sensitive for qualitative and quantitative determination of the analytes.
Precision, repeatability, stability and recovery To verify the method precision, standard mixtures of the 10 compounds were analyzed with six replicates. The repeatability was assessed by analyzing six independent samples prepared by the same method. Sample stability was evaluated at room temperature by analyzing a sample at 0, 2, 4, 8, 12 and 24 h. The relative standard deviation (RSD) was taken as a measure for precision, repeatability and stability. A recovery test was used to evaluate the accuracy of this method. The test was performed by adding known quantities of standards into a certain amount (0.5 g) of the basswood cultivated A. camphorata sporophore (S13). Six replicates were performed. The mixture was extracted and analyzed using the aforementioned method.
The RSD values of precision, repeatability and stability of the 10 analytes were all ,4.42% (Table III) . The overall recoveries lay between 94.22 and 103.12% for the 10 reference compounds, with RSDs of ,5.75%, which indicated that the established method was accurate for the determination of the 10 nucleosides and nucleobases in A. camphorata. The precision, repeatability, stability and recovery were listed in Table III . 
Real samples
The current QTRAP LC-MS/MS method was applied to analyze the 10 nucleosides and nucleobases in 17 samples. Representative total ion chromatogram (TIC) of the extract of one A. camphorata sample (S13) is shown in Figure 1 , the selected ion chromatogram (XIC) of MRM chromatograms and EPI spectrum of cytidine in the sample are also presented. The yields of individual nucleosides and nucleobases are summarized in Table IV . The total content of all Total contents of the target compounds in the 11 batches of A. camphorata powder (S1 -S11) varied from 1126.85 to 1447.14 mg/g, which showed a small difference with RSD of 7.43%. The total content of these investigated compounds in sample 12 (A. camphorata capsule) reached as high as 1119.70 mg/g, which represented little distinction comparing with A. camphorata powder (S1-S11). Remarkable differences were found among the total contents of the 10 nucleosides and nucleobases in A. camphorata of different cultivation methods and different manufacturers, that the basswood cultivated A. camphorata sporophore (S13) and the A. camphorata powder collected from Guangzhou (S14) had lower total contents of 92.90 and 346.87 mg/g, respectively. The contents of these investigated compounds in A. camphorata were obviously larger than that in Lingzhi samples (S14 -S17), which indicated that the amounts of the nucleosides and nucleobases in A. camphorata were more abundant than those in Lingzhi.
Discussion
Optimization of extraction procedure In order to obtain the best extraction efficiency, variable factors involved in the procedures, such as solvent (30% water and 50% methanol), solvent volume (20, 30 and 40 mL), extraction method (reflux and sonication) and extraction time (15, 30, 45 and 60 min), were optimized. When one of the parameters was determined, the others were set at the default. The results suggested that ultrasonic extraction was better than reflux extraction, and it was selected for use in further experiments. It was found that water was the most suitable extraction solvent, which allowed extraction of the 10 markers in high yields. In addition, the volume of solvent was chosen as 30 mL, while the extraction time was optimized to 45 min. All of the samples were extracted at room temperature.
Optimization of chromatographic conditions
In our study, the Agilent HC-C 18 (2) column (4.6 Â 250 mm, 5 mm) was chosen according to our experience of multiconstituents analysis. Methanol was proved to be better than acetonitrile. In addition, the presence of ammonium acetate in the mobile phase could improve the separation of necleobases and nucleosides. Accordingly, the final gradient composition is comprised of 5 mM ammonium acetate and methanol. The flow rate and column temperature were optimally set at 0.5 mL/min and 258C, respectively. Under the selected LC conditions, the resolution among these ingredients was more than 1.5.
Optimization of MS parameters and MRM transitions
Preliminary experiments were conducted with the purpose of finding the best instrumental conditions. Each reference substance was introduced into the MS at a flow rate of 5 mL/min using a syringe pump (Harvard Apparatus, Australia). ESI in positive mode was selected for the whole experiments because higher responses were obtained in positive mode for target compounds. Identification of the parent ion and the choice of the ionization mode for 10 nucleosides and nucleobases were performed in the full-scan mode by recording mass spectra from m/z 50 to 400 in positive mode. The most intense MRM transition was selected for quantification in the screening method. The last parameter optimized was the collision energy and declustering potential, different values were tested (0-30 V). Since an EPI scan was employed to confirm the detected compound, one MRM was enough for one compound. In Table I , we summarize the optimum values for each condition of the 10 compounds. The TIC of the extract of mixture standards and the XIC of each detected nucleosides and nucleobases are shown in Figure 2 .
Conclusions
A QTRAP LC-MS/MS through MRM plus EPI mode was developed and successfully applied to the determination of 10 nucleosides and nucleobases in A. camphorata. High precision, repeatability, stability and recoveries were achieved in the method validation procedure. This proposed method was promising to improve the quality control of A. camphorata.
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